The barberry fruits are used as food flavoring. Berberis integerrima seeds are used as waste product in barberry's processes. This study describes the potential use of B. integerrima seed oil (BSO) as a natural antioxidant. 2,2-diphenyl-1-picryl hydrazyl scavenging activity and ferric-reducing antioxidant power of the oil alcoholic extract were determined. Protective effect of BSO in stabilizing soybean oil was further evaluated based on the peroxide values, thiobarbituric acid values, conjugated dienes and trienes, and Rancimat test during storage. Results of gas chromatography (GC-FID) showed that more than 90% of the fatty acids were linolenic (ω-3), linoleic (ω-6), and oleic (ω-9) acids. Total phenolic compounds were 323.0 mg Gallic acid/kg oil. Chromatographic separation of their sterols and tocopherols (HPLC) demonstrated that β-sitosterol, campesterol, stigmasterol cholesterol, sitostanol, Δ5-avenasterol, Δ7-avenasterol, clerosterol, and α-tocopherol and γ-tocopherol were present in the BSO, respectively. The IC 50 of the oil alcoholic extract was less than the commercial antioxidants, including butylated hydroxyanisole and butylated hydroxytoluene. The statistical results indicated that BSO has significant effects on soybean oil stability on most days.
Introduction
The healthful effects of minor components available in vegetable oils have become a subject of renewed interest in recent years. Currently, an increased interest is observed for valuable vegetable oils such as berry seed oils due to their health properties, which are related to their high value of polyunsaturated fatty acids (PUFAs) and antioxidants. Different types of barberry are well known around the world due to various benefits such as medical, ornamental, and food uses. Two important barberry species in Iran are Berberis vulgaris (poloei) and Berberis integerrima (abi). The precedent of zereshk slew in Iran dates back to ancient times (about two centuries ago). In commercial scale, Iran is the only country that generates seedless barberries. [1] B. integerrima is a thorny shrub with fragile branches to a height of 1-3 m. The fruits of this type of barberry are, small, red, ellipsoid, 7-10 mm long, and 3-4 mm in diameter, with a mild sour taste. In addition, there are two, three, or even five small fusiform seeds inside the fruit. [2] The barberry's sour taste makes the fruit a favorite for flavoring and seasoning. A lot of Berberis L. species are used to diminish insomnia, bronchial diseases, urinary and gastrointestinal inconveniences, liver disorder, and are also used as an antibacterial, antifungal, antipyretic, and antirheumatic agent in traditional medication. [3] A significant part of human diet contains vegetable oils and fats. Oxidation of lipids occurs in food during technological processing. Oxidation of oils not only causes off-flavor, off-odor, and color changes but also decreases safety and nutritional quality of products, resulting in harmful effects on human health. [4] Consequently, several studies have been undertaken with the aim of enhancing the stability of oils and lipids.
Synthetic antioxidants such as tertiary butylhydroquinone (TBHQ), butylated hydroxytoluene (BHT), and butylated hydroxyanisole (BHA) are widely used in food products in order to avoid or decrease oxidative effects. Recent studies have shown that such components can cause some health problems such as toxicosis and carcinogenesis. Accordingly, there have been numerous interests to use natural antioxidants available in spices and plant substances as promising substitutes recently. [5] The use of natural antioxidants in food plants has the following advantages: they are accepted by the consumers, they are considered safe, they do not need safety tests, and they have functional and acceptable sensory characteristics. [6] The antioxidant properties of plants have been reported to be efficient in delaying the development of rancidity in fats and oils. It is well known that a lot of plants and their natural extracts are stable for auto-oxidation due to the presence of natural phenolic compounds. [7] [8] [9] [10] Negligible previous studies have yet been conducted on the B. integerrima seed oil (BSO). This report can serve as a milestone toward development of newer natural antioxidants with improved oxidative stability and nutritional value.
In the present study, cold-pressed filtered oils from B. integerrima seeds are studied and chemical composition of the whole seeds and physicochemical properties of the crude oil are determined. In addition, valuable compounds in the oil such as the fatty acid composition, including Essential Fatty Acids (EFAs), total phenolic content, and tocopherol fraction are identified and the antioxidant effectiveness of BSO is determined. The objective of this study was to evaluate the antioxidant capacity of alcoholic extract of BSO using ferric-reducing antioxidant power (FRAP) and 2,2-diphenyl-1-picryl hydrazyl (DPPH·) scavenging ability and to examine the ability of BSO at different levels in delaying soybean oil oxidation as compared to commercial antioxidants.
Materials and methods

Oil and seeds
B. integerrima fruits were purchased from garden of Firoozkuh in northeast of Tehran. For the preparation of materials, all waste substances including stones, thorns, branches, and leaves were carefully removed from fruits. Then, purged fruits were packed in plastic bags and stored at −80°C (JalTeb Lab Equipment, Type J D 300 L) until they were used for testing. For oil extraction, it is necessary to remove the excess water from the fruits. Therefore, the fruits were dried in an oven at 50°C for 48 h to diminish effects of drying process on the extracted oil. [11] Seeds were manually removed from the dried fruits and were ground by Moulinex grinder (Type DPA 1, CMMF 800W, France). All solvents and chemicals used in this study were purchased from Merck (Darmstadt, Germany), Sigma Aldrich (St. Louis, MO), and Rankem (New Delhi, India).
Oil extraction
Barberry seed oil was extracted by the solvent method. In summary, to separate the flesh of dried fruits and grind the seeds, the solvent (petroleum benzene; boiling point: 30-40°C) was added to the barberry seed powder in a closed container and shacked continuously; the ratio of solids to solvent was 1:4 at 25°C for 16 h. Then, the solution was filtered and the remaining solvent was evaporated by using a rotary evaporator below 60°C. The pure oil was transferred into small vials and maintained at −30°C until it was used for testing. Finally, the oil content of barberry seeds (g oil/100 g barberry seed) was calculated. [12] Physicochemical analysis of crude oil American Oil Chemists' Society (AOCS) official methods Cc 10a-25 and Cc 7-25 [13] were used to determine the density and refractive index (RI) of the extracted oils, respectively. RI was measured by a refractometer (RX-7000a; Atago Co., Japan). Free fatty acid (FFA) content and acid value were determined by titration methods, Ca 5a-40 and Cd 3d-63, respectively. Saponification number and iodine value were carried out according to Cd 3-25 and Cd 16-87, respectively, defined in AOCS official methods. [13] The unsaponifiable matters in the oil were measured by AOCS method Ca 6b-53. [13] The color of oil was determined by a Lovibond Tintometer (Tintometer Ltd., Salisbury, UK) using a 1-inch cell. Specific extinctions at 232 nm (K 232 ) and 270 nm (K 270 ) were determined according to the AOCS official method Ch5-91 [13] using UV-Vis Spectrophotometer (model UVS2100Shinco, Southern Korea).
Fatty acid composition
To prepare fatty acid methyl esters, 0.1 g oil was placed in a screw cap vial and then 1 mL hexane and 5 mL methanolic NaOH (0.5 N) were added. After heating vial in a boiling water bath for 10 min, it was allowed to cool to room temperature. Then, 2.175 mL of boron trifluoride was added as catalyst and the vial was heated in a boiling water bath for 3 min. After that, the vial was cooled and 1 mL of saturated sodium chloride solution and 1 mL of hexane were added and shaken completely. The vial was settled for 5 min and then 0.2 mL aliquot of the top (hexane) layer was injected into the gas chromatography instrument (GC; Unicam 4600, UK) and analyzed using the conditions defined by Metcalf et al. [14] Fatty acid profile of barberry seed oil was specified by GC equipped with a flame ionization detector. A fused-silica BPX-70 column (30 m × 0.25 mm i.d., 0.25 μm film thickness, SGE, Melbourne, Australia) was used with helium as the carrier gas (20 psi) to separate the fatty acids. A split injector at 250°C and an flame ionization detector (FID) at 270°C were also used during the separation. The initial temperature of column was 160°C for 6 min and rose to 180°C at a rate of 6°C /min. After 9 min, heating rate enhanced to 20°C/min until it reached to 200°C. Fatty acid quantification was determined by the internal standard method (using C15 as an internal standard).
Alcoholic extraction of oil
In summary, 5000 µL of the BSO was mixed with 500 µL of ethanol. The mixture was vigorously stirred for 1 h, further centrifuged at 3000g for 5 min and kept in −25°C for 30 min to better separate both phases. [15] The alcoholic extract was immediately used for the tests.
DPPH radical scavenging activity
DPPH· radical scavenging activity (RSA) was determined according to the method of BrandWilliams et al. [16] In summary, 2 mL of various concentrations of alcoholic extract was added to 1 mL of methanolic DPPH· solution (0.2 mM) and then mixed. The reactions were carried out in the dark and at room temperature for 1 h. The absorbance value was read at 517 nm against water-DPPH· solution (2:1 V/V) and methanol-DPPH· solution (2:1 V/V) as aqueous and alcoholic control, respectively. The RSA % was calculated according to the following equation:
RSA% ¼ ½ðA 517 of control À A 517 of sampleÞ = A 517 of control Â 100
(
The results were demonstrated by comparison of IC 50 values (the concentration of the antioxidant required to scavenge 50% of DPPH· provided in the test) of ascorbic acid, BHA, BHT, and TBHQ as standards with IC 50 values of BSO alcoholic extract.
Ferric reducing antioxidant power (FRAP)
The FRAP assay was performed according to the Benzie and Strain report. [17] This procedure is based on an enhancement of absorbance at 593 nm owing to the formation of tripyridyl-S-triazine complexes with Fe 2+ [TPTZ-Fe (II)] in the presence of a reductive agent. The FRAP reagent was prepared from 2.5 mL of TPTZ solution (10 mmol/L) in hydrochloric acid (40 mmol/L) and 2.5 mL of FeCl 3 solution (20 mmol/L) mixed with 25 mL of acetate buffer (0.3 mol/L, pH = 3.6). For the designation of the antioxidant capacity, the FRAP reagent (2.08 mL) was mixed with 240 mL of water and 80 mL of the appropriately diluted sample or standard solution of FeSO 4 ·7H 2 O (25-750 mM). The mixture was allowed standing for 5 min at room temperature before the absorption was measured at 593 nm (Unicam Helios b, Spectronic Unicam, Cambridge, UK). FRAP values, derived from triplicate analyses, were calculated according to the calibration curve for FeSO 4 .7H 2 O as follows and expressed as mmol of Fe 2+ equivalent per 100 g oil. [17] y ¼ 0:0017x þ 0:1469 (2) where, y = absorbance at 593 nm, x = concentration of FeSO 4 .7H 2 O in mM, R2 = 0.9988.
Total phenol contents
Determination of total phenolic content in BSO was performed based on the method described by Fuentes et al. [18] Oil sample (2.5 g) was weighed and dissolved in 5 mL hexane. Phenolic compounds were extracted by 3 mL of 60% (v/v) methanol/water by vortex system for 2 min. The two phases were separated by centrifugation (for 10 min at 3500 rpm), and the hexane phase was extracted in a similar way again. The methanolic extracts were pooled. An aliquot (0.2 mL) of the methanolic phase was removed, and its final volume reached 2.5 mL with water. Then, 0.25 mL of Folin-Ciocalteu reagent was added to this solution, and the solution was settled for 3 min at room temperature. Finally, 0.5 mL of sodium carbonate solution (35%, w/v) was added to this solution, stirred, and diluted with water to 5 mL. The resulting solution was kept for 2 h at room temperature. The absorbance of the final solution was measured at a wavelength of 725 nm. The calibration curve was prepared using standard solutions of Gallic acid within the range of 2-200 mg/L.
Determination of sterols
Sterols were determined using AOCS method Ch 6-91. [13] Trimethylsilyl) derivatives of sterols were prepared by mixing 100 µL each of bis (trimethylsilyl)-trifluoroacetamide, 1% trimethylchlorosilane, and pyridine and heating at 60°C for 30-60 min. GC analysis was carried out on Agilent (Little Falls, DE, USA) gas chromatograph equipped with an FID, a split-splitless injector, and a Supelco SPB-5 (30 m × 0.25 mm i.d., 0.25 µm of film thickness, BSO on oxidative stability of soybean oil; Supelco, Inc. Bellefonte, PA, USA). The velocity of helium, as a carrier gas, was 20 cm/s. The chromatographic conditions employed were injection in the split mode with a split flow of 25 mL/min with a split ratio of 1:22; pressure at column head, 200 kPa; injector temperature, 295°C; detector temperature, 300°C; initial oven temperature, 265°C; initial time, 35 min; final temperature, 300°C; final time, 5 min; and injection volume, 1.0 µL. Peaks were identified by comparing the retention times of sterols with those of the standards. Quantification of all sterols was based on an internal standard method using α-cholestanol (5-750 mg).
Determination of tocopherols
The tocopherol composition of oil was determined based on the AOCS method Ce 8-89. [13] Tocopherols were determined by HPLC Agilent Technologies L1200, normal phase silica column YMC-Pack SIL (250 mm × 46 mm i.d. and 5 µm particle size). The chromatographic system included a UV-Vis detector set at 292 nm. Separation of all tocopherols is based on isocratic elution when the solvent flow rate is set at 1 mL/min. The solvent system selected for tocopherol elution was acetonitrile/ methanol/water (5:47.5:47.5 v/v). Prior to HPLC analysis, 2 g of oil was diluted with 100 mL of hexane and filtered (0.45 mm nylon syringe filter). Then, 20 µL samples were injected. The isomers were identified by retention time, co-chromatography, and UV-Vis absorption spectrum as compared to standards [α-, β-, γ-, and δ-tocopherol (purity ≥ 95%)] analyzed in the same conditions. The quantification was carried out by external calibration curves for α-, β-, γ-, and δ-tocopherol.
Determination of β-carotene content
The β-carotene content of the oil sample was analyzed according to the method of Lianhe et al. [19] Briefly, 5 mL of acetone-hexane solution (4:6, v/v) was added to 200 mg of the oil and vigorously shaken for 1 min. Then, the absorbance of the solution was determined at 453, 505, 645, and 663 nm. The amount of β-carotene in BSO was calculated according to the following equation:
β-carotene (mg/100 mL) = 0.216 *A663 -1.220 * A645 -0.304 * A505 + 0.452 * A453
BSO on oxidative stability of soybean oil
Antioxidative effects of the BSO on lipid peroxidation were evaluated in soybean oil. The BSO was added to soybean oil without antioxidant at 2% and 5% levels. Oxidative stability of oils was evaluated during 0, 2, 5, 10, and 14 days by analyzing the peroxide values (PVs), thiobarbituric acid (TBA), conjugated dienes (CD), conjugated trienes (CT), and Rancimat indices against a control sample (soybean oil without any antioxidant = CO) and soybean oil containing 200 ppm of TBHQ as synthetic antioxidant. Each sample contains 50 g of oil. They were stored in sealed dark glass containers at room temperature.
Peroxide value and thiobarbituric acid
PVs (mEq of O 2 /kg) were measured by AOCS cd 8-53 official method. [13] TBA was determined using the method of AOCS Cd 19-19. [13] This procedure allowed the direct determination of TBA in oils and fats without preliminary isolation of secondary oxidation products.
Conjugated dienes and trienes
The absorption values at 232 nm (for CD) and 270 nm (for CT) were recorded by spectrophotometry (model UVS-2100Shinco, Southern Korea), following the analytical methods described by International Union of Pure and Applied Chemistry (IUPAC), method II.D. 23 . [20] The results were expressed as absorbance unit (AU).
Rancimat
An automated Metrohm Rancimat apparatus (model 743) was used to determine oxidative stability index (OSI) of the oils according to the procedure described by Anwar et al. [21] Briefly, 3 g oil was carefully weighed into each of the reaction vessels and analysis was performed at 120°C at an airflow rate of 20 L/h. The OSI of the samples was automatically recorded corresponding to the break point in the plotted curves.
Statistical analysis
The data are presented as the means ± standard deviations from the three replicates. The data were analyzed using a one-factor analysis of variance, and means were compared by the least significant difference (LSD) test with the Statistical Analysis System (SAS) software. The standard level of significance used to justify a claim of a statistically significant effect is 0.05 (p < 0.05).
Results and discussion
Fatty acids composition of BSO
The oil content of B. integerrima seed was found to be 11.4% ± 0.7%. According to Table 1 , three major fatty acids, including linolenic, linoleic, and oleic, were found in the BSO. These unsaturated fatty acids constituted more than 91% of the total amount. Since the barberry seed oil has large amounts of linolenic and linoleic, it is a rich source of ω-3 and ω-6 fatty acid. n-6/n-3 ratio in this oil is close to 1, which is important from a nutritional physiological point of view. According to other studies, linolenic, linoleic, and oleic fatty acids are the main fatty acids in other berry seed oils, [22] but their amount varies in the oils studied here. The barberry seed oil contained about 8% saturated fatty acids, mainly palmitic acid (5.9%) and stearic acid (1.9%). Also, the amount of other fatty acids in the barberry seed oil was very low, according to the results reported in the literature. [23] Physicochemical characterization of barberry seed oil
Results of some physicochemical properties of the BSO are presented in Table 1 . Physical attributes of lipids are determined by chemical structures and functional groups and greatly impress the role of lipids in foods. The barberry seed oil was yellowish-brown in color and liquid at room temperature (25°C ± 1°C), even in a refrigerator. The density of oil was 0.821 ± 0.004 g/cm 3 . RI is used to measure the unsaturation changes during hydrogenation of oil or fat. The barberry seed oil showed an RI of 1.4780 ± 0.0001 at 25°C, which was higher than that reported for pumpkin oil. [24] K 232 and K 270 are simple and helpful parameters for evaluation of the oil oxidation. K 232 is usually considered as an indicator of the primary oxidation products, CD. K 270 measures the presence of CT as secondary oxidation products of oil, ketones, and aldehydes and primary oxidation products of linolenic acid. [24] As shown in Table 1 , the K 232 , K 270 , and R-value (K 232 /K 270 ) of barberry seed oil were 3.9 ± 0.2, 2.2 ± 0.1, and 1.8 ± 0.0, respectively.
The FFA% and acid value for BSO were measured about 0.7% ± 0.01% as oleic acid and 1.4 ± 0.02 mg KOH/g oil, respectively. So, this oil is suitable for edible aims, and its acid value did not exceed the maximum limit of 4.0 (mg KOH/g oil) according to the New Zealand Food Regulation (1984) and Codex Alimentarius Commission (1999). [25] Van Hoed et al. [23] have studied five seed oils of berry species. They reported all oils, which had an FFA value between 0.5% and 1.5% as oleic acid equivalents. The BSO had an iodine value about 180.0 ± 0.9 ( Table 1 ). The high iodine value in B. integerrima seed was an indicative of the presence of a higher number of unsaturated bonds. The saponification value (SV) is an indicator of the average length of fatty acid. It is inversely proportional to the molecular weight of the lipid. According to Table 1 , the SV of BSO was 197.2 ± 2.0 (mg KOH/g oil). Unsaponifiable matters in the vegetable oils are various nonglyceridic bioactive materials containing aldehydes, pigments, hydrocarbons, alcohols, ketones, fat-soluble vitamins, and sterols that may form naturally or may be formed during the process or degradation of oils. [24] As shown in Table 1 , the content of unsaponifiable matters was 2.3% ± 0.2% for the oil.
β-Carotene is profitable for long-term storage of oils since it is a secondary or preventive antioxidant acting as a singlet oxygen quencher. [26] In this study, the amount of β-carotene was 48.9 ± 0.2 mg/kg oil, which is lower than those reported for palm seed oil. [19] Color of extracted crude oil exhibited red unit 4.9, yellow unit 18.6, and blue unit 1.9, respectively. The BSO was yellowish-brown in color.
Total phenol contents
Lately, there has been an increasing interest in the study of phenolic compounds in the oil seeds because they stand for potentially health-promoting matters and have industrial applications. [24] These naturally occurring compounds are known to prevent lipid oxidation and have a great effect on the stability, sensitivity, and nutritional attributes of oil and its products. [27] BSO is a very rich source of phenolic compounds since its level (323.0 ± 3.1 mg Gallic acid/kg oil) is much higher than those reported for various vegetable oils (Table 2 ). This is within the range reported by Lianhe et al. for olive oil. [19] Sterols Phytosterols, as natural matters of vegetable oils, have received special attention due to their ability to lower serum cholesterol contents in humans, and, as a result, the risk of heart diseases will be reduced. [28] The information is lacking about the content of phytosterols in BSO. In the current study, the total sterol content was found to be 762.3 mg/100 g oil. The total sterol reported in literature ranges from 404 to 692 mg/100 g oil content for five different berry seed oils. [23] The main sterol in this sample was β-sitosterol (71.8%), similar to most vegetable oils. In the BSO, other phytosterols were campesterol (15.8%), following the Δ5-avenasterol (7%) and stigmasterol (3.1%) ( Table 3 ).
Tocopherols
The determination of tocopherol homologues in the BSO is important owing to their antioxidative effects, which provide some protection against oil oxidation by terminating free radicals, and their positive nutritional effects in human metabolism as biological antioxidants. [27] As seen from Table 3 , α-and γ-tocopherol contents of the oil were 94.0 and 17.1 mg/100 g, respectively. Β-and δ-tocopherol were not detected in the sample tested. α-Tocopherol is the most important lipid-soluble antioxidant in human body. [22] The content of α-tocopherol in BSO was close to the level found in sea buckthorn seed oil and higher than the amount found in the raspberry and blackcurrant seed oils. [22] [16] Corn 12.6 [16] Hemp 24.5 [16] Olive 300-500 [16] Flax seed 11.4 [16] a mg Gallic acid/kg oil. 
Evaluation of antioxidant activity of BSO ethanolic extracts
DPPH· scavenging activity Figure 1A shows the relationship between DPPH· RSA and concentration of 2-100 mL/L of BSO alcoholic extract. As seen from Fig. 1A , DPPH· RSA increases when the BSO concentration increases. Phenolic compounds are common among secondary metabolites that can be derived from plants in pentose phosphate, shikimate, and phenylpropanoid cycles. Phenols have high scavenging ability of radicals owing to the presence of hydroxyl groups in their structure. Hence, it has been reported that phenol compounds are associated with antioxidant activity and play a major role in preventing fat and oil peroxidation. [29] As explained above, BSO had high amounts of phenolic compounds. The IC 50 index is the concentration of substance, which is able to have 50% scavenging effect on radical. Using this test, IC 50 of BSO ethanolic extract was determined to be about 5.47 ± 0.01 mL/L. IC 50 of BSO ethanolic extract was lower than BHT and BHA synthetic antioxidants.
Ferric-reducing antioxidant power
The reducing power (RP) in this study was determined as the Fe 3+ to Fe 2+ transformation, and RP increased with increasing the concentration of phenolic compounds in the BOS extract. According to this test, the RP of BSO was determined to be 5.68 µmol Fe (II) per gram of oil. RP is generally associated with the presence of reducing substances, which have been revealed to exert antioxidant action by breaking the free radical chain by donating a hydrogen atom. [30] The results of RP are in good agreement with the content of phenolic compounds (Fig. 1B) . Koca and Karadeniz [31] observed a linear relationship between FRAP values and total phenolic compounds for blueberries.
Effect of BSO on lipid oxidation in soybean oil
Peroxide value
Hydroperoxides are the primary product of lipid oxidation. Therefore, PV determination can be used as oxidative index during the initial stage of lipid oxidation. [31] The PVs were calculated for soybean oil without any antioxidant as control sample (CO), soybean oil with 2% BSO (B2), soybean oil with 5% BSO (B5), and soybean oil with 200 ppm TBHQ (TBHQ) during 14 days at room temperature and are shown in Table 4 . The initial PV of CO was 5 mEq O 2 /kg oil. By adding BSO (such as TBHQ) to the soybean oil resulted in fixing their PV during storage, thus showing enhancement of the oxidative 
Thiobarbituric acid
The reaction between TBA and malonaldehyde produced by lipid hydroperoxide decomposition is employed as the basis of measurement of secondary oxidation products. [32] TBA values reveal that BSO at 2% and 5% significantly inhibit soybean oil oxidation (p < 0.05). Our results indicate that BSO at 5% prevents soybean oil oxidation better than BOS at 2% (Table 4 ). In general, the percentage inhibition of soybean oil oxidation was concentration-dependent. However, BOS at both levels effectively controlled soybean oil oxidation. TBHQ was significantly better than other samples to prevent soybean oil oxidation during storage period (p < 0.05), probably due to its purification (Table 4) . Furthermore, the TBA value of CO was significantly higher than the B2, B5, and TBHQ samples (Table 4) .
Ultraviolet absorption (conjugated dienes and trienes)
Lipids containing methylene-interrupted dienes and polyenes exhibit a shift due to their double bond position during oxidation. The resulting CD reveals an intense absorption at 232 nm and has been well associated with PV; similarly, CT absorbs at 270 nm. The greater the levels of CD and CT in oil, the lower will be the oxidative stability. [31] Absorption at 232 and 270 nm was observed in all samples. This revealed a pattern similar to that of PV due to the formation of primary and secondary products of lipid oxidation (Table 4) . Absorption at 232 nm increased progressively with increasing time due to the formation of CD (Table 4) . Formation of ketones, aldehydes, and other oxidation products leads to an increase in absorption at 270 nm ( Table 4) .
The variation of absorption at 232 and 270 nm may indicate that the oxidation products have been formed or broken down. Our results show that the rate of formation of oxidation products in B5, B2, and TBHQ was lower than CO. So, BSO could develop oxidative stability such as TBHQ. In all days, CO has maximum CD and CT levels. B5 and TBHQ did not have significant difference to prevent CD and CT formation during storage period (p < 0.05). The amount of CD and CT in B2 was lower than CO (p < 0.05). There was no significant difference between B2, B5, and TBHQ except in fifth day for CD and fourth day for CT. Our results reveal that B5 (such as TBHQ) contains the lowest conjugated oxidation products, and these results are in accordance with the PV.
Rancimat
The OSI clearly shows that the oxidative stability of all samples decreases when the storage time increases (Table 4) . In all days, TBHQ exhibited maximum oxidative stability. When the oxidative stability of CO has the least value, the result is statistically significant (p < 0.05). The BSO at 2% level was more effective than 5% to extend oxidation stability of soybean oil. This can be attributed to high amount of its linoleic and linolenic acids (more than 75% of total fatty acids). This study also indicates that the effect of BSO to improve oxidative stability of soybean oil at both levels (2% and 5%) is significant (Table 4) . These findings are in agreement with the results of Van hoed et al., [23] who reported that berry seed oils have a rather low oxidative stability and thus require careful packaging and storage. There was no literature available for BSO.
Conclusion
There is a growing consumer consciousness for healthy food products. From the present study, it is concluded that BSO can be considered as an antioxidant to the edible oils. BSO showed antioxidative potency in a descending order when it was added to soybean oil. In this study, the protective effect of the BSO is compared with synthetic antioxidant TBHQ. Thus, it could be prepared and added to the vegetable oils as a natural antioxidant and a suitable alternative for synthetic antioxidants such as TBHQ.
